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ABSTRACT

In line with pastexperienceijt is likely that smoothnes®f operationwill requirePEP-II to
inject beams so that their orbits are displaced feaichother at the interactionpoint (IP). In this
note we continue an investigation of the pros and cons of horizontal vs. vertical beam
displacemenfor the APIARY 7.5 designfrom the perspectiveof the beam-beaminteraction.
Parasiticcollisions (PCs) areincluded.We concludethat: (1) for the orbit bump to be safe and
effective, the magnitudeof the displacemenmust be a few ogyx's whether the separationis
horizontalor vertical; (2) vertical separationis clearly saferthan horizontal on accountof the
potentially adverseffectsfrom the PCs; (3) horizontalseparatiorhasthe advantagehat thereis
no significant beam blowup in case that the beams are slamalyghtbackinto collision; (4) the
design of a horizontal separator bump would likely be complicated by tight consingpiotsedby
the PCs, whereas a vertical separator bump would not be subject to such constraints.

This revised version also contains results for the new IR designﬁ@j',{h: 2 cm.

1. Introduction.

Presentand pastet-e— colliders havefound it necessaryor at leastvery useful for the
smoothness of the injection process, to inject the beams so that they do notloaifigehe filling
process.This is especiallytrue for colliders that must ramp up in energy after injection. It is
reasonableo expectthat PEP-1l will exhibit a similar requirementgespeciallybecausef the high
operational reliability demanded from this (or any other) B factory.

In a simplified description, the injection process can be divided up into four stages:
(1) Turn on the closed orbit bump in the empty machine.

(2) Inject the first beam into the empty machine.



(3) Inject the second beam.
(4) Bring the beams into collision by turning off the orbit bump.

Step (3) of this process has been stuthgdimulationd for the first batchof the positron
beam, in which the bunch current is 20% of the nomiakle. The main purposeof this work was
to study the transient effects of the dynamics for the first few damping timeisg which time the
injectedbeamorbit dampsdown to the nominal orbit, and the emittancesreachtheir steady-state
values. Both vertical and horizontal injectisere studiedin this manner.In one of the horizontal-
injection cases studied the beams were assumed to be vertically separated at the IP and the PCs.

In this notewe continuesucha study by focusingon the intermediatestagebetweensteps
(3) and (4). That is, we make the assumption that all injection transient éfigetied down, both
beams haveeachedull currentandthe emittancegheir nominal, steady-statealues,but the orbit
bumpis still turnedon. We focus on the pros and consin a comparisonbetweenvertical and
horizontal orbit bump.

The issuesthat arisein this study are,in principle, distinct from the transientsthat appear
during the injection process. Indeed one may have any combination of vertical injattieertical
separation, or horizontal injection with vertical separat@a,Furthermorejf the beamsare slowly
broughtinto collision in step(4) of the injection processthe results presentechere also allow a
rough understandingof what would happenduring this beam-collapsingprocess.An implicit
assumption that is necessdwoy the relevanceof thesesimulationsto the beam-collapsingrocess
is thatthe time scaleof the switching-off of the separatorss longerthana few dampingtimes. If
the beam-collapsing process is fast (on the ordeneflampingtime or less),our simulationsare
probably relevant only to the static situation existing before step (4) is taken.

We ransimulationswith the code TRS? in which the beamswere deliberatelydisplacedat
the IP and the first PCsjthervertically or horizontally. Thusthe beamseparationmplementedn
these simulations can be thought of as arising from a nominally-closed orbit bump that
encompassethe I[P and the first PCs. The simulationswere done at full beamcurrent,and the
emittancesad their nominal, steady-stateyalues.PCs beyondthe first werenot consideredgven
though the horizontal-separation alternative would almost cer@amhandthat they be includedin
a faithful simulation.

The conclusion is that vertical separation is clearly favored over horizoraaconntof the
diminishedpotentially adverseeffectsfrom the PCs.Whenthe beamsare vertically separatedall
PCsareweakerthannominalandthe dynamicsis essentiallydeterminedoy the main collision at
the IP. In this casea vertical separationdy z(1-2)opx is probably adequatefor smoothinjection
(note that it isogx and notopy that determines the scadé the vertical separation)lf the beamsare
separatedhorizontally, the closed orbit bump that implementsthis separationmust be tightly
constrainedby the lattice functions and phaseadvancesof the PC locations; there is no such
constraintin the vertical-separationcase. In the (unlikely) event that the orbit bump could
encompasnly the IP and the first PCs, a horizontal separation3sdy/oox <5 would seem



adequate. lfly/opx is £3, thebumpis probablynot very effective,andif dy/dpx is 2 5 the adverse
effects of the PCs can become quéwerelf the horizontalbump mustencompassouter” PCs,
asit seemdikely it must,caremustbe exercisedn its designso that the beamsdo not cometoo

close to each other at any PC location in the separated state.

The horizontal-separatioalternativedoeshavethe advantagehat the simulationsshowno
significant beam blowup when the beamsare slowly brought into collision. In the vertical-
separatiorcase,on the other hand, the simulationsshow beamblowup of ~100% in the vertical
dimensionwhen the beamcenterscome togetherby a distancedy~(1-2)agy. Since PEP-II has
conservative beam-stay-clear specifications, this temporary beam blowup seems a smajpgyice to
if any, for the added safety and simplicitytbé vertical separatioroption. In addition, this blowup
would probably not materialize in the event that the orbit-collapse process is fast.

Qualitatively similar conclusionsare reachedfor the new IR design, with BQ,,_: 2 cm,
although the vertical separation alternative shows clearly better behavior than for APIARY 7.5.

2. Assumptions.

The results below are in the formlméamblowup, /0y, plottedvs. dy/apx or dy/agy for
horizontal or vertical separation, respectively. Hgge and opy arethe nominal, steady-stateyms
beam sizesit the IP, anddy or dy is the orbit separatiorat the IP in eithercase.In the horizontal
separation case we varidgwhile keepingly fixed, and conversely for the vertical case.

We alsoassumedhat the beamseparatioris implementedby a closedorbit bump that is
symmetric abouthe IP andwhosekicking elementge.g, orbit deflectormagnetsare outsidethe
region encompassing the IP athe PCs (however,seeSec.4 below). Sincein APIARY 7.5 there
areno focusingelementsbetweenthe IP andthe first PC, the closedorbits inside this region are
parallel-displaced from the nominal orbifss a result,the orbit separatiorat eachPC is relatedto
that at the IP by simple geometry as follows:

Od,=d, (d, =0 = fixed)
Horizontal separation case: My, =d, +d, (d, =0 =fixed) (1)
Hipe, =dy —d,  (d, =0=fixed)

Udp=d, (d,=0-="fixed)
Vertical separation case: Edpm =d, (d, =d,="fixed) (2
%jpcz =d, (d, =d, =fixed)

wheredg is the nominal orbit separation at the Ps+3.498 mm for either IR design).

Except fordy anddy, all parameters ithesesimulationshad nominalvaluescorresponding
to the IR designs consideed, listed in Tables 1 anel@v. The simulationwasrun for 5 damping
times in all cases, with 256 superparticles per buhbltk-lenseffectsof the beam-beantollision
were represented by 5 slices. The working point was (0.64, 0.57) for both beams.



3. Results.

3.1 Horizontal separation case

As implied by in Eqg. (1), when the orbits are displacedhorizontally, one of the parasitic
collisions (called PC2) gets stronger, while the other one (PC1) gets wEadenllision at the IP
alsogetsweaker.As onecanseein Fig. 1 below, beamblowup is not significant provided the
separation at the IP is sutttat dy/ogx < 5—10.In this regimethe PCsarestill well separatedfor
an IP separatiordy/opx = 5, the PC separationsare dpc0px += 7.1 and dpc1/0px+= 12.2; the
nominal head-on case hag 0 anddpc2 oox += dpci/Oox += 9.64).

APIARY 7.5 - horizontal beam separation
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Fig. 1: Beam blowup as a function of horizontal beam separation at the IP. As
the beam separation at the IP increases, the separation at one of the PCs
(called PC1) increases, while the separation at the other (PC2) decreases. The
arrow indicates the separation at which there is a head-on collision at PC2.

However,as one might expect,when the IP separationis so large that the beamscollide
head-onat the PC2 location (indicatedby the arrow labeled” dpc2=0" in the plot), the beam
blowup is very large and the simulations also show particle loss. As the beams areséansied,
they eventually become so far apart that there are effectively no beantdiéaions. Thusthe last



point in the plotat the unrealisticallylarge separatiordy/gox = 37.7,is suchthatdpcopx += 9.6
anddpci/oox += 28.9, and one sees that, indeed, there is no beam blowup.

3.1 Vertical separation case

In this caseasimplied by in Eq. (2), the beamsare alwaysmore separatedhan nominal.
The results are shown Fig. 2. The LEB blowup becomessubstantia(~100%)whendy/ooy = 1,
andit doesnot come back down to nominal (i.e,, unity) until the separationis dy/ggy = 25,
correspondingdo dy 2apx, exceptfor a temporarydecreaseThis behaviorseemsto be a natural
consequencef the scalesthat enterthe Bassetti-Erskindormula for the electricfield E of an
elliptical gaussiancharge distribution. Indeed, for opy <oy, the horizontal electric field
Ex(Xy,00x00y) rises and falls off in x with a scalesetby gox . However, the vertical field
Ey(X.y,0ox: Ooy) rises iny with a scale set bygpy , but falls off, alsan y, with a scalesetby gpx and
notby opy.

In Fig. 2 the vertical beamblowup of the LEB doesnot fall smoothlyasthe separations
increasedeyonddyz dgy. We conjecturethat this behavioris almost certainly due to resonances
crossedby the beamcore asthe effectiveworking point movesdue to the dy-dependencef the
beam-beantune shift. Oncethe coresof the two beamsarewell separatedthe long-rangebeam-
beam interaction introduces a tune shift not much of a tunespread.Thusit shouldbe possible
to compensate thisine shift by an appropriateshift in the working point suchthat the beamcore
remains at the same place in the tpfae.We did not do this in the simulations:the lattice tunes
were held fixed at (0.64, 0.57) for all values of the separdfiayur conjecturels correct,the beam
blowup in the vertical separationcasecould be madeto behavemore smoothly and be brought
down to nominalvaluesfor much smallerseparationshanthoseimplied by the resultsin Fig. 2.
However, tuninghe machineseemampracticalduring the actualbeam-collapsingprocessso that
this possibility for smoother behavior seems to be of academic interest only.



APIARY 7.5 - vertical beam separation
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Fig. 2: Beam blowup as a function of vertical beam separation. As the beam
separation at the IP increases, so does the separation at both PCs. The arrow
indicates the point at which the vertical separation equals the nominal
horizontal beam size.

4. Results for the new IR design withB /B, _= 50/2 cm.

A new IR design, Wittﬁ@(,_/ﬁ@,_: 50/2 cm, is being considered for PEPH this design
the bunch currentsand emittanceshave new values such that the beam-beanparametersand
nominal luminosity retain the samevaluesas in APIARY 7.5. Table 2 containsa full list of
parameters for this new design.

Figures 3 and 4howthe resultsfor the new design,for horizontaland vertical separation,
respectively. The results ftworizontalcaseare qualitatively similar to thosefor APIARY 7.5. The
vertical case, however, shows improved performance (lesser and smoother kiloiswigoprobably
due to the weaker effects of the PCs in the new design.



APIARY with B,_ /S, =50/2 cm
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Fig. 3: Beam blowup for the new IR design as a function of horizontal beam
separation at the IP. As the beam separation at the IP increases, the separation
at one of the PCs (called PC1) increases, while the separation at the other
(PC2) decreases. The arrow indicates the separation at which there is a head-on
collision at PC2.



APIARY with B,_/f, =50/2 cm
vertical beam separation
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Fig. 4: Beam blowup for the new IR design as a function of vertical beam
separation. As the beam separation at the IP increases, so does the separation
at both PCs. The arrow indicates the point at which the vertical separation
equals the nominal horizontal beam size.

5. Basic constraints for a closed-orbit bump.

The simplest closed-orbit bump is implementedby meansof two kicking elements
(electrostaticseparators,or magnetic orbit deflectors) separatedby a distance such that the
intervening phase advance is

Av =12 32 572, - 3)

Lattice designs under current consideratisimow that even the firstption, Av=1/2, implies
that the kicking elements must be located at a distance gtteateét.5 m from the IP. This implies
thatall four PCs on either side of the IP would be encompassed by the orbit bump. This happens
be true for both rings, whetherthe separations vertical or horizontal,and for both IR designs
(APIARY 7.5 and the newdesignwith B@(,_/ﬁ%,_:SOIZ cm). Of course,it is in principle possible
to separatdbeamsby meansof a more elaborateorbit bump (e.g, with more than two kicking



elements)pr a bumpthatis not closed(i.e. the orbit distortion propagateshroughoutthe entire
ring). Either alternative entails complications that are not evaluated here.

6. Conclusions.

As a practicamatter,we concludethatit is ggx that determineshe scalefor the falloff of
the beam blowup whether the separatiomaszontalor vertical. In the vertical separatiorcase the
naive expectation that the scale for the falloff should be determinggj, y/incorrect.This implies
that, if the beamsneedto be separatediuring injection, this separatiormust be severalogy’s in
magnitudewhetherit is vertical or horizontal,for it to be effective. This conclusionis consistent
with PER and CESR experience. Weonjecture however that,in the vertical-separatioase the
beamblowup could be madesignificantly closerto nominalfor dy < ggx by appropriatetuning.
This is, in fact, what hasbeenobservefl in a controlled beam-separatioexperimentat VEPP-4.
However, this possibility seems impractical during the injection process.

If the beamsare separatechorizontally during injection, and if the orbit bump could
encompas®nly the IP and first PCs on either side of the IP, the simulationsimply that an IP
separation-3agy would be adequate. However, if the separation is more-By, thereis a good
chancefor severeadverseeffectsfrom the PCsclosestto the IP. Furthermoreif the closedorbit
bumpthat effectsthe beamseparations not confinedto the regionencompassinghe IP and the
first PCs,thereis no guaranteghat therewould not be a nearhead-oncollision at some*“outer”
PC, also with severe adverse effe@sacethe exactlocation of the orbit bump magnetss decided
upon, one can compute the distorted closed orbit at dib&dfionsencompassely the bump and
one can determine whether its design is safe or not. In practice, of course, this mehaslé@sagn
of the bump is constrained by the location, lattice functions and plasace®f the PCs. Evenif
an orbit bump encompassingnly the IP and first PCs were possible, the nature of the
approximationsnvolved in the presentcalculationswould makeit risky and prematureto adopta
design for an orbit bump with an operating amplitudéy3oy <5.

If the beamsare separatedertically, all PCs encompassetly the closedorbit bump are
weakerthannominalin the displacedstateand thus negligible; the beamdynamicsis essentially
determinedby the main collision at the IP. Thus there should be no seriousconcernsfrom the
effectsof the PCsduring the injection processand henceno constraintghereofon the designof
the orbit bump. In this vertical-separation case@unit displacemently 2(1-2)aox (not agy) would
seem to be adequate.

If the beamsare slowly broughtinto collision from their separatedstate, there is no
significant blowup in the horizontal-separatiorcase. This is an advantageover the vertical-
separatiorcase,in which the LEB undergoesa vertical blowup of ~100% when the beamcenters
cometogetherwithin a distancedy~(1-2)opy. Since PEP-II has a comfortable beam-stay-clear
specification, this temporary beam blowup seems a small price td [@any, for the addedcomfort
of decoupling the beam separatimechanisnduring injection from the potentially adverseeffects
of the PCs. In addition, this blowup would probably not materializein the eventthat the orbit-
collapsing process is fast.



The new design, with B@(,_/B@,_:SO/Z cm, shows qualitatively similar behaviorin the
horizontal separationcaseas doesAPIARY 7.5. The vertical separationalternative,however, is
clearly better (lesser and smootherblowup). This improved behavior is almost certainly a
consequence of the weaker strength of the PCs in this design.

Thusthereseemsto be no question,from the beam-beanperspectivethat vertical beam
separation duringnjectionis cleanerand more conservativedhan horizontalseparationat leastfor
the two APIARY designs studied here.
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Table 1

APIARY 7.5 PRIMARY PARAMETERS
Nominal case;¥$o=3%x1033cm2sL &=0.03

LER (e") HER (e)
$olecm2s] 3x1033

C[m] 2199.32 2199.32
E [GeV] 3.1 9.0

sg [m] 1.2596 1.2596
fc [MHz] 238.000

VRE [MV] 9.5 18.5
frr [MHZ] 476.000 476.000
@ [deq] 170.6 168.7

a 1.5x 10-3 2.41x 10-3
Vs 0.05 0.0520
oy [em] 1.0 1.0
Oe/E 1.00x 10-3 0.616x 10-3
N 5.630x 1010 3.878x 1010
I[A] 2.147 1.479
&ox [Nm-rad] 91.90 45.95
oy [Nnm-rad] 3.676 1.838
B x [m] 0.375 0.750
By [m] 0.015 0.030
olox [um] 185.6 185.6
olby [um] 7.426 7.426
Ty [turns] 5,014 5,014

Ty [turns] 5,014 5,014
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Table 1 (contd.)

APIARY 7.5 IP AND PC PARAMETERS
Nominal case; £g=3x 1033 cm2sL &=0.03

LER (e HER (&)

As[cm] @) 62.9816
d [mm] @ 3.498

IP 1st PC IP 1st PC
Avy @) 0 0.1645 0 0.1112
Avyd) 0 0.2462 0 0.2424
Bx [M] 0.375 1.433 0.750 1.279
By [m] 0.015 26.46 0.030 13.25
ay 0 -1.680 0 -0.840
ay 0 —41.988 0 —20.994
gox [um] 185.6 362.9 185.6 242.4
ooy [HM] 7.426 311.9 7.426 156.1
Oox’ [mrad] 0.495 0.495 0.248 0.248
opy’ [mrad] 0.495 0.495 0.248 0.248
d/oox 0 9.639 0 14.429
&ox 0.03 —0.000336 0.03 —0.000150
Soy 0.03 +0.006200 0.03 +0.001553
Eox,tot?) 0.0293 0.0297
Soy,tot?) 0.0424 0.0331

a) The first PC occurs atdistanceAs and at a phaseadvanceAv from the IP. At
this point the nominal orbits are separated horizontally by a distance

b) The total nominal beam-beam parameter is defined &g ke= &P +25(§PC1_
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Table 2

APIARY (B, =2 cm design) PRIMARY PARAMETERS
Nominal case;¥p=3x1033cm2s1l &;=0.03

LER (e") HER (&)
$olecm2s] 3x1033
C[m] 2199.32 2199.32
E [GeV] 3.1 9.0
sg [M] 1.2596 1.2596
fc [MHZ] 238.000
VRE [MV] 95 18.5
frRE [MHZ] 476.000 476.000
@s [deg] 170.6 168.7
a 1.5x 10-3 2.41x 103
Vs 0.05 0.0520
oy [em] 1.0 1.0
o= = 1.00x 10-3 0.616x 10-3
N 5.630x 1010 2.586% 1010
I[A] 2.147 0.986
&ox [nm-rad] 61.27 45.95
oy [Nnm-rad] 2.451 1.838
B x [m] 0.375 0.500
By [m] 0.015 0.020
oLy [um] 151.6 151.6
olhy [um] 6.063 6.063
Ty [turns] 5,014 5,014
Ty [turns] 5,014 5,014
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Table 2 (contd.)

APIARY (B, =2 cm design) IP AND PC PARAMETERS
Nominal case; $o=3x1033cm2sL & =0.03

LER (e") HER (&)

As[cm] ) 62.9816
d [mm] @ 3.498

P 1st PC P 1st PC
Avxd) 0 0.1645 0 0.1432
Avy?) 0 0.2462 0 0.2449
Bx [m] 0.375 1.433 0.500 1.293
By [m] 0.015 26.46 0.020 19.853
ay 0 -1.680 0 -1.260
ay 0 ~41.988 0 —31.491
Oox [MM] 151.6 296.3 151.6 243.8
Ooy [HM] 6.063 254.6 6.063 191.0
Oox [mrad] 0.404 0.404 0.303 0.303
ooy [mrad] 0.404 0.404 0.303 0.303
d/oox 0 11.81 0 14.35
Eox 0.03 —0.000224 0.03 —0.000152
oy 0.03 +0.004133 0.03 +0.002326
Eox,tot ) 0.0296 0.0347
oy tot?) 0.0383 0.0278

a) The first PC occurs atdistanceAs and at a phaseadvanceAv from the IP. At
this point the nominal orbits are separated horizontally by a disiance

b) The total nominal beam-beam parameter is defined &g = &5 +2&5
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